Conjugative plasmids represent major reservoirs for horizontal transmission of antibiotic resistance and virulence genes. Our knowledge about the ecology and persistence of these plasmids in the gut microbiota remains limited. The IncF plasmids are the most widespread in clinical samples and in healthy humans and the main aim of this work was to study their ecology and association with the developing gut microbiota. Using a longitudinal (2, 10, 30 and 90 days) cohort of full-term infants, we investigated the transmission and persistence of IncFIA and IncFIB plasmids. The prevalence of IncFIB plasmids was higher than IncFIA in the cohort, while IncFIA always co-occurred with IncFIB. However, the relative gene abundance of IncFIA was significantly higher than IncFIB for all time points, indicating that IncFIA may be a higher copy-number plasmid. Through linear discriminant analysis effect size and operational taxonomic unit-level associations, we observed major differences in the abundance of Enterobacteriaceae in samples positive and negative for IncFIB. This association was significant at 2, 10 and 30 days and showed an association with vaginal delivery. From shot-gun analyses, we assembled de novo multi-replicon shared (IncFIA/IncFIB) and integrated (IncFIA/IB) plasmids that were persistent through the dataset. Overall, the study demonstrates the nature of IncF plasmids in complex microbial communities.
INTRODUCTION
The human gut microbiota forms a complex microbial ecosystem that goes through major compositional and functional changes from mass colonization at birth to the adult-like state (Palmer et al. 2007; Avershina et al. 2014) . Although our knowledge about the shifts in composition during the early-life microbiota development are relatively well established, we know very little about the infant intestinal mobilome, i.e. the collection of mobile genetic elements of the gut microbiota (Palmer et al. 2007; Yatsunenko et al. 2012) . We have recently shown that mobile genetic elements containing antibiotic resistance (AR) genes are prevalent and surprisingly persistent in the infant gut even across mother to child up to 2 years of age (Ravi et al. 2015) . Furthermore, we found these elements linked to conjugative plasmids, suggesting an important role in the reservoir for AR transmission.
Conjugative plasmids are autonomous and often encode multiple accessory elements and addiction systems to ensure their maintenance and stability in the host cell (Norman, Hansen and Sørensen 2009 ). Due to this, they are often regarded as parasites of the bacterial cell (Gogarten et al. 2009 ). Conjugative plasmids are classified based on their incompatible nature. Plasmid incompatibility is defined as the inability of two plasmids sharing the same replicon or partition system to be inherited in a bacterial cell. This classification is widely used to differentiate between the different plasmids. However, by using this system, plasmids consisting of multiple replication genes, socalled multi-replicon plasmids, are difficult to classify (Novick 1987; Orlek et al. 2017) . Until now, 27 incompatibility (Inc) groups have been recognized, with variants within each group (Carattoli 2009) . Incompatibility F group (IncF) plasmids have a narrow host range and have been reported in different Enterobacteriaceae, including Escherichia coli (Hopkins et al. 2006; Karisik et al. 2006; Marcade et al. 2009 ), Salmonella enterica (Hopkins et al. 2006; Park et al. 2009 ) and Enterobacter aerogenes (Park et al. 2009 ). They are usually low copy-number plasmids and vary in size from 50 to 200 kb (Carattoli 2009 ). The most common variants of the IncF conjugative plasmids are IncFII, IncFIA and IncFIB (Kline 1985; Villa et al. 2010) . The IncFII plasmids do not participate in the initiation of replication and are often found in association with IncFIA and IncFIB plasmids (Osborn et al. 2000; Toukdarian 2004 ).
The Enterobacteriaceae are one of the most dominant groups in the neonatal microbiota (Arboleya et al. 2012) . The IncF conjugative plasmids in Enterobacteriaceae are of particular interest since they contribute to the carriage and spread of AR and virulence genes (Carattoli 2011) . These plasmids have been associated with the unexpected emergence of plasmid-mediated extended-spectrum β-lactamases (Novais et al. 2007; Coque et al. 2008) , and quinolone (Lascols et al. 2008) and aminoglycoside resistances (Carattoli 2009 ). They also carry specific virulence traits such as cytotoxins and adhesion factors as accessory genes (Johnson and Nolan 2009) . The IncF variants are one of the plasmid types most represented in clinical samples and are also represented in healthy humans (Johnson et al. 2007) .
Due to the role of conjugative plasmids in the persistence of AR, the aim of the current study was to investigate the prevalence and persistence of conjugative plasmids in the gut microbiota of 47 healthy, full-term infants. The fecal samples were collected from 2 to 90 days post-delivery. We used quantitative PCR to determine the prevalence, abundance and stability of conjugative plasmids. Amplicon and shotgun metagenome sequencing was used to categorize the microbiota taxonomy, analyze association with the IncF variants, characterize the conjugative plasmid and trace these plasmids longitudinally.
MATERIALS AND METHODS

Cohort description and sample collection
The study consists of an unselected longitudinal cohort of 47 healthy, full-term infants born between gestational weeks 38 and 41 (average 39.1) after an uncomplicated pregnancy at the Central University Hospital of Asturias in northern Spain. The infants' birth weight ranged between 3050 and 4120 g (average 3370 g), and all infants remained healthy during the length of the study. Eighty-three per cent of the infants were vaginally delivered, and until the end of the study, 66% were exclusively breastfed. None of the children was given antibiotics up to the end of sampling, and all were discharged from the hospital on their second or third day of life.
DNA extraction
Fecal samples were collected at 2, 10, 30 and 90 days of age in a sterile container and immediately frozen at −20
• C. Samples were sent within 1 week to the laboratory where they were stored at −80 • C until analysis. For DNA extraction the samples were thawed, weighed (1 g) and diluted 10 times in sterile phosphate-buffered saline for homogenization in a Stomacher lab blender at full-speed for 5 min (Seward Ltd, Worthing, UK). DNA was then extracted from 1 mL of homogenate by using the QIAamp DNA stool kit (Qiagen GmbH, Hilden, Germany) as previously described (Arboleya et al. 2012) . The average DNA concentration was 20 ng/μL (7-50 ng/μL). Extracted DNA was kept frozen at −80 • C until analysis.
Gene quantification
The abundance of the IncF variants in the samples was calculated relative to the 16S rRNA gene by quantitative PCR. Samples below 10 −3 relative abundance were regarded as negative for IncF genes. For the identification of the IncF variants by quantitative PCR, the replication regulatory region (repA) (Carattoli et al. 2005 ) and iteron region (Carattoli et al. 2005) 5 -GTATATCCTTACTGGCTTCCGCAG-3 ) a n d repA of IncFIB (5 -GGAGTTCTGACACACGATTTTCTG-3 ; 5 -CTCCCGTCGCTTCAGGGCATT-3 ) was initial denaturation at 95
• C for 15 min followed by 95
• C for 30 s, 60
• C for 30 s and
72
• C for 1 min for 40 cycles. After the thermal cycling, the raw C T values were exported into the LinRegPCR program (Ruijter et al. 2013) for baseline correction and average PCR efficiency. High resolution melting curve analysis and targeted restriction digestion were used to verify the PCR amplicons.
16S rRNA profiling analyses
Illumina sequencing was used to analyze the microbial communities through 16S rRNA gene amplicon (n = 180) sequencing. For PCR amplification, the 16S rRNA primers PRK341F and PRK806R (Yu et al. 2005) , targeting the V3-V4 hypervariable region, were used under the following conditions: 95
• C for 30 s, 50
• C for 1 min and 72
• C for 45 s for 25 cycles. These primers were modified to contain Illuminaspecific adapters. Each PCR reaction contained 1× HOT FIREPol DNA polymerase (Solis BioDyne), 200 nM of uniquely tagged forward and reverse primers and 1 μL of DNA in a total reaction volume of 25 μL. The PCR products were purified using Agencourt AMPure XP-PCR Purification kit (Beckman Coulter, Indianapolis, IN, USA) and pooled based on their concentration measured with a Qubit 1.0 fluorometer (Thermo Fisher Scientific, Waltham, MA, USA). The pooled products were again purified with the Agencourt AMPure XP-PCR Purification kit. Then, the concentration was measured using the QX200 droplet digital PCR system (Bio-Rad, Hercules, CA, USA) using Illumina adapter specific primers, and the normalized amplicon pool was sequenced on the Miseq platform (Illumina, San Diego, CA, USA) using V3 chemistry with 300 bp paired-end reads. Sequences were analyzed using the QIIME pipeline (Caporaso et al. 2010) . Sequences were quality-filtered (split libraries.py; minimum sequence length 350 bp; minimum average quality score 25; average error estimation as parameter) and then clustered at 97% homology level using Usearch version 8 using the Greengenes database (DeSantis et al. 2006) .
Shotgun metagenome analyses
The shotgun metagenome sequencing of selected samples was carried out by Illumina sequencing. The metagenomes of the samples were fragmented, tagged, quantified and normalized according to the Nextera XT protocol using the manufacturer's recommendations. Sequencing was done in-house using the same platform as the 16S rRNA amplicon sequencing.
Data analysis and assembly of the metagenome reads were performed by Geneious R10 (Kearse et al. 2012) following the recommended guidelines. For the metagenome assembly, the reads were trimmed (error probability 0.05) and merged (overlap length 10 bp). Geneious assembler (Geneious, USA) was used for de novo assembly of the reads into contigs. The PlasmidFinder program, an online tool for identifying plasmid-related genes (Carattoli et al. 2014) , was used to identify plasmid-related contigs. The contigs from the de novo assembler were annotated using the Rapid Annotation using Subsystem Technology (RAST) annotation server. This server uses SEED-based annotation to identify functional genes (Aziz et al. 2008) . ProgressiveMauve multiple genome alignment (Darling, Mau and Perna 2010 ) was used to compare the different contigs between the samples.
Validation and statistical analyses
Fisher's exact test, Spearman's correlation and the KruskalWallis test were used to test the pairwise comparisons of the relative gene abundances of the IncF variants and the operational taxonomic units (OTUs) and between the individual gene abundance within different sampling times. Correction of multiple testing was carried out using the Benjamini-Hochberg false discovery test (BHFDR). The error bars were calculated using standard error of mean (SEM). The ANOVA-simultaneous component analysis (ASCA) (Smilde et al. 2005 ) method was used to determine OTU-level associations between different time points within the IncF variants (PLS toolbox; Eigenvector Research Inc., USA). To do this, the samples with binarized data with and without IncF variants along with the corresponding OTU abundances were used. The data analyses were performed using MATLAB R2016a software (The MathWorks Inc., USA).
The persistence of IncFIB across the time points was calculated as the ratio of the number of IncFIB-positive samples between the two time points to the total number of IncFIB-positive samples for which information on both time points was available.
To categorize the bacterial species that are abundant in the samples with and without IncFIA and IncFIB and to account for significant changes of the microbial diversity, linear discriminant analysis effect size (LEfSe) analysis was used (Segata et al. 2011) . This performs a non-parametric Wilcoxon's sum-rank test followed by a linear discriminant analysis to measure the effect size of each taxon. Binarized data on the presence/absence of IncF variants along with the taxonomy information with the OTU abundance/sample was submitted for the analysis.
RESULTS
Microbiota composition
On average, 35 317 sequences/samples were generated from the V3-V4 region of 16S rRNA gene after quality filtering and chimera removal. The final dataset comprised 391 OTUs belonging to 13 bacterial classes. The final dataset, after quality filtering and rarefying at 5000 sequences/sample contained 167 samples belonging to 47 full-term infants. The rest of the samples with <5000 sequences were not included in further analyses.
The 10 most abundant bacterial classes consisted of nearly 99.95% of the microbial composition (Fig. 1) . In general, at 2 days, the proportion of Gammaproteobacteria (60%) and in particular Enterobacteriaceae (48.4%) was the highest with lower levels of Actinobacteria (6% of the population). The proportion of Gammaproteobacteria dropped to 43% by 30 days and increased to 49% at 90 days, whereas the proportion of Actinobacteria increased with age, reaching 25% by the age of 3 months. For infants born through vaginal delivery (n = 31), Gammaproteobacteria (64%) was higher with lower levels of Bacilli (15.5%), in particular Streptococcaceae (4.6%), compared with infants born via C-section (n = 6; 15% Gammaproteobacteria; 68.3% Bacilli; 39% Streptococcaceae). In addition, there were major differences in the proportion of Bacteroidia in infants receiving breast milk (n = 23; 12%) compared with formula-fed infants (n = 14; 1%).
Distribution of IncF variants in the cohort
Initially, using qPCR, 97 of 180 samples in the cohort showed the presence of IncF variants. The prevalence of IncFIB-positive samples was higher (54% of all samples) compared with Inc-FIA (8%). At 2 days of age, the prevalence was 50% and 5% for IncFIB and IncFIA, respectively. IncFIB had the highest prevalence at 10 and 30 days of age (58%, of the cohort) and IncFIA at 90 days (10%). Samples positive for IncFIA were also positive for IncFIB. Relative gene abundance of IncFIA was 2 times higher on average than that of IncFIB. The relative gene abundances of IncFIA and IncFIB varied throughout the study, being higher at 2 and 90 days of age and lower at 10 and 30 days (Fig. 2) . In addition to this, the relative gene abundance of IncFIA and IncFIB from all time points displayed a significant correlation (n = 14, P = 0.01, ρ = 0.6 [IncFIA − IncFIB], Spearman correlation), indicating a positive interaction between the IncF variants.
We then investigated whether the most prevalent of the IncF variants, i.e. IncFIB, was stable across the time points. We found that IncFIB exhibited highest persistence patterns between 2 and 10 days (P = 0.0001, Fisher's exact test) and 10 and 30 days (P = 0.0001, Fisher's exact test) (Fig. 3) . Significant persistence between 2 days and 30 days, and 30 days and 90 days was also detected (P = 0.001, Fisher's exact test).
Microbiota association with IncFIA and IncFIB
The differences in the microbiota taxonomic composition by LEfSe analysis showed significant taxon associations in the samples with IncF variants compared with samples without (Fig. 4) . The samples with IncFIB had a significantly higher proportion of Gammaproteobacteria at all the sampling times (P < 0.05, LEfSe analysis), particularly within the Enterobacteriaceae family. On the contrary, the IncFIB-positive samples exhibited a negative association with the proportion of Actinobacteria and Bacillales, particularly with the families Bifidobacteriaceae and Enterococcaceae, respectively. Diverse bacterial classes (Verrucomicrobiae, Alphaproteobacteria and Gammaproteobacteria) showed a positive association to samples with IncFIA, whereas Actinobacteria, in particular Bifidobacteriaceae, showed a negative association at 30 and 90 days of age. ANOVA-simultaneous component analysis showed significant associations in samples with and without IncFIB at 2, 10 and 30 days of age (n = 21, P = 0.0001; n = 24, P = 0.0065; n = 25, P = 0.001, respectively). However, this association was not significant at 90 days of age. The model also showed significant interaction between IncFIB and mode of delivery, vaginal delivery (n = 82, P = 0.0003). Table 1 illustrates OTUs involved in the significant interactions with IncF variants at 2, 10 and 30 days. OTU1, classified as Enterobacteriaceae, showed the most substantial changes in the microbiota in samples positive for IncFIB and vaginal delivery. Samples positive for IncFIB exhibited higher abundances of OTU1 compared with IncFIB-negative samples. Since OTU1 indicated strong associations with IncFIB, we looked into whether these associations were constant over time (Fig. 5 ). Major differences in the OTU1 abundance between IncFIB-positive and -negative samples were observed. The IncFIB-negative samples displayed an increase in OTU1 abundance over time, whereas the IncFIB-positive samples showed a decrease over time. There was a significant change in OTU1 abundance in the IncFIB-positive samples between 2 days and 30 and 90 days (P = 1.03 × 10 −4 , 2-30 days; P = 3.32 × 10 −4 , 2-90 days, Kruskal-Wallis test, BHFDR tested). In addition to this, we investigated whether the abundance of some OTUs varied according to the changes in relative abundance of the IncF variants over time. The IncFIA indicated OTU116 as Veillonaceae at 2 days, OTU379 as Paraprevotella at 10 days and OTU117 as Lactococcaceae at 90 days as significant OTUs (P < 0.001; Kruskal-Wallis test, BHFDR tested). The IncFIB showed OTU1 and OTU15 as Streptococcaceae at 2 days as significant OTUs and OTU1 at 10 and 30 days (P < 0.001, Kruskal-Wallis test, BHFDR tested).
Shotgun metagenome assembly
A subset of 10 samples with high and low levels of IncFIB relative gene abundance is shown in Supplementary Table S1 , with microbiota profile information. These samples were chosen for shotgun metagenome sequencing. The samples are named along with their metadata and their corresponding time points. For instance, PA-V-B-2 represents infant A, vaginally delivered, breastmilk-fed and 2 days old, and PB-V-F-10 represents infant B, vaginally delivered, formula-fed and 10 days old. On average, the samples had 1 393 880 reads with read lengths from 35 to 301 bp. The filtered and merged reads were built into contigs, obtaining an average of 1623 contigs with over 1000 bp in length. The average N50 length was 145 467 bp with at least 143 contigs ≥N50 length per sample.
Given that the samples had high and low quantities of the IncF conjugative plasmids, the contigs were submitted to PlasmidFinder for identifying plasmid-related genes. Seven out of the eight samples with high levels of IncF variants contained IncFIA-and IncFIB-related contigs. By PlasmidFinder, IncF genes were not detected in low-abundance samples. From the samples in which IncF genes were detected, PC-V-B-30 consisted of the IncFIB and IncFIA replication genes in the same contig. The de novo assembled contig consisted of replication genes for IncFIA and IncFIB, transfer genes (tra and trb), integron with aminoglycosides, trimethoprim and erythromycin resistance genes, Tn21 and plasmid stability genes such as ccdA/ccdb and ParA/ParB (Fig. 6A) . As for PA-V-B at 2, 10 and 90 days and PB-V-B at 10 days, the IncF replication genes were in different contigs. The contig consisting of IncFIA replication genes consisted of transfer genes (tra and trb), virulence-associated genes and stability genes. On the other hand, the contigs consisting of IncFIB replication genes contained integrons with multidrug resistance properties and some stability genes (Fig. 6B) . Contigs with IncF genes were analyzed using NCBI-BLAST to identify the nearest hit. In PA-V-B, BLAST analyses showed different hits for IncFIA-and IncFIB-related contigs (Supplementary Table S2 ).
The IncF-related contigs from the samples of PA-V-B were aligned against each other using Mauve. Contigs of IncFIA and IncFIB at 2, 10 and 90 days showed 99.1% identity, indicating persistence of conjugative plasmids across the different time points. As for PC-V-B-10 and 30, up to 50% of the assembled contigs showed a 93% identity between the two time points, while at the other time points, the identity reached 99% between them. The drop-in identity initially could be due to differences in the de novo assembly of the reads.
DISCUSSION
IncF group plasmids have been frequently detected in fecal samples of healthy individuals (Johnson et al. 2007; Inwezerua et al. 2014 ). These plasmids have been related to carriage of multidrug resistance genes (Villa et al. 2010; Lyimo et al. 2016) . However, there is only limited information on the prevalence and interaction of IncF plasmids with the gut microbiota. Therefore, in this study, we have used 16S rRNA and shotgun metagenome analyses to study prevalence and interaction with microbial communities and genetic features of the IncF plasmids. In our dataset, the gut microbiota succession in the first 3 months of life indicates a higher proportion of Enterobacteriaceae with increasing abundance of Actinobacteria. This development of the gut microbiota is like previously reported datasets on healthy, full-term infants (Avershina et al. 2014; Ravi et al. 2015) .
In our dataset, we observed a high occurrence of IncF variants with more than 50% of samples positive for IncFIB. Johnson et al. (2007) and Bengtsson et al. (2012) also indicated high frequency of IncFIB plasmids in E. coli strains of poultry and humans, respectively, with close range occurrence of other Inc groups. In general, IncF variants have a limited host range in the Gammaproteobacteria and show wide association within the Enterobacteriaceae family (Lyimo et al. 2016) . Therefore, the high proportion of Enterobacteriaceae in the microbiota population and the limited host range of the IncF variants are likely explanations for the observed strong association between IncF plasmids, especially IncFIB and the developing gut microbiota. However, by 90 days, the association of IncFIB and the microbiota community was lost. The carriage of plasmids could confer a physiological cost to the host bacterial cell (Watve, Dahanukar and Watve 2010) leading to loss in OTU1. A potential explanation for the strong IncFIB and OTU1 association at birth could be that the plasmid conferred a selective advantage for OTU1 in newborn children, but not when the children became a little older. The slight increase of IncFIB independent of OTU1 at 90 days could either be due to colonization by other IncFIB-carrying bacteria, or horizontal transfer of the IncFIB plasmid from OTU1. In addition to this, factors such as conjugal transfer of plasmids, compensatory mutations and plasmid addiction systems have been shown to maintain plasmids in microbial communities without any positive plasmid selection (Dahlberg and Chao 2003; Watve, Dahanukar and Watve 2010) . However, the potential mechanisms acting on plasmid maintenance in the gut environment need to be explored further.
We found a significant association of vaginal delivery and occurrence of IncFIB plasmids. During vaginal delivery, the vaginal and fecal microbiota of the mother are major contributors to the initial colonization of the infant's gastrointestinal tract (Mueller et al. 2015) . Therefore, the possibility of a vertical transmission of conjugative plasmids from the mother to the infant during delivery seems plausible (Seale and Millar 2014) .
While we observed a high prevalence of IncFIB in our cohort, the prevalence of IncFIA was much lower (Fig. 2) . Even though the prevalence of IncFIA was lower, the relative gene abundance of IncFIA was higher compared with IncFIB. This could indicate IncFIA is a higher copy number plasmid in this dataset. Overreplicating plasmids have a greater chance of fixating to a cell; however this can have a huge fitness cost for the host bacteria (Watve, Dahanukar and Watve 2010) . Therefore, low-copynumber plasmids are more stable in complex environments and can persist in developing microbial communities. The specific role of high-or low-copy-number plasmids in complex environments, however, remains uncertain (Jones and Marchesi 2007) .
By combining the information on the relative gene abundance of the IncF variants and shotgun metagenome analyses, we tried to assemble IncF plasmids from three longitudinal datasets. Using contig information and the corresponding BLAST hits, potential plasmid-related reads and their corresponding contigs were identified. However, it should be noted that separation of plasmid and chromosomal reads is a challenging task, and some reads could overlap between chromosome and plasmids or overlap between different plasmids found in different cells. Further analysis by isolating strains that contain the plasmids could give a better understanding of plasmid-related features.
By de novo assembly and mapping reads to reference genomes, we could identify potential contigs relating to IncFIA and IncFIB. In PA-V-B, the de novo assembled contigs contained replication factors for IncFIA and IncFIB where the assembled IncFIA appeared larger with all transfer genes compared with the IncFIB mobilizable plasmid. Moreover, the relative gene abundance of these plasmids by qPCR were also similar. In PC-V-B, the replication factors for the IncF variants were present in the same contig. In addition, the prevalence of the IncFIA plasmid always along with the IncFIB plasmid suggests similar conjugative plasmids in our dataset. In the absence of reference plasmid genomes and assembling metagenome data, the most challeng-ing step is disentangling and reconstructing separate plasmids (de Toro, Garcilláon-Barcia and De La Cruz 2014; ArredondoAlonso et al. 2016) . Several approaches that aim to overcome this challenge are currently under development.
Considering the genetic features of these assembled plasmids, the plasmids contained several genes related to persistence mechanisms such as the plasmid partitioning system (ParA and ParB) and the toxin/antitoxin systems (ccdA and ccdB). In general, IncF plasmids are associated with copy number control (Summers 1998) , active partitioning systems (Ebersbach and Gerdes 2005) and post-segregational killing (Hayes 2003) for persistence in microbial communities and maintenance of copy number (Slater et al. 2008) . The toxin/antitoxin systems are important for the plasmid stabilization and to effectively kill plasmid-free cells (Unterholzner, Poppenberger and Rozhon 2013) , while the plasmid partitioning system ensures proper partitioning of the plasmid to the corresponding daughter cells (Bignell and Thomas 2001) . In addition to this, the assembled plasmids harbored integrons that contained multidrug resistance genes. The infants of this cohort have not been given any antibiotics so environmental exposure and perinatal transmission are potential sources of conjugative plasmids (Gibson, Crofts and Dantas 2015) . In relation to this, the observed high persistence of IncFIB plasmids could potentially be due to the presence of such systems. Therefore, we believe these conjugative plasmids have such genetic factors that ensure their widespread and versatile adaptation to drastic changes in the developing gut microbiota (Carattoli et al. 2005; Villa et al. 2010; Ravi et al. 2015) .
Overall, our study shows the persistence and interaction of IncF conjugative plasmids with the microbes, especially within the Enterobacteriaceae family of the infant gastrointestinal tract. Results in this study strongly suggest the presence of an active mobilome containing multiple genetic factors and resistance genes. These features ensure persistence in the developing infant gut microbiota.
